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BACKGROUND OP THE INVENTION 
(1) Field of the Invention 

present i nven tion relates to novel alkaline 
proteases,, particular!, novel Valine proteases which have 

excellent stability and contribute to <„ 

1DUte to ^Proving washing 
ability vhen blended i n general 

general detergents, novel 

" CrOOISaniE " S MhlCh bel °"* to the genus Bac ill U s a „a have an 
ability of produolng the fibove proteases< a process 

preparation of the above al kalln e proteases which is 
cnerecterized b y cultivating the above microorganisms a „a 
recovering the alkallne proteases ^ ^ ^ 

detergents comprising at least one of the above a lkali„e 

proteases. 



!0 (2) Description of the Prior Art 

Recently, attempts have been made to increase the 
washing ability of detergents, particularly of heavy duty 
Houid detergents, by making the P B of concentrated detergents 
»cre alkaline and blending in various hydrolytic enzymes such 

5 as proteases, amylases, lipases and cellulases. Among these 
enzymes, proteolytic enzyme, particularly alkaline protease 
decomposes protein stains which are difficult to wash out only 
by a detergent, .and contributes to improving washing ability. 

<# 
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To this end, it i. e£Eential J- ada 6uch an J™** 4 : 

detergent. 

Generally, alkaline protease which is produced byl 
5 Bacillus licheniformis, such as those available under the 
trade name Alcalase (hereinafter referred to as Enzyme A, J 
Novo industri A/S, and the trade name Maxatase, Gist Brocades 
N.V., are often used. These enzymes have an optimal P H for 
activity of from 10 to 11, and therefore it is expected that 
io they will exhibit their performance under a higher alkaline P K 
condition and contribute to the improvement of washing 
ability. However these enzymes immediately lose their 
activity in a high P H (i.e. 10 to 11) solution of a detergent, 
and therefore are difficult to stably blend in a heavy duty| 
liquid detergent. 

Accordingly, many attempts have been made to stabilize! 
the activity of the enzymes in a heavy duty liquid detergent 
by, for example, the use of a particular anionic surfactant 
such as ^-olefin sulfonate .(.Japanese Patent Publication 
2Q (examined) 30646/1973), combination of a nitrogen compound 
with a lower carboxylic acid salt (Japanese Patent Publication 
(unexamined) 3733/1972), combination of free calcium ion with 
a- polyacid for suitably chelating the calcium ion (Japanese 
Patent Publication (unexamined) 128904/1977), addition of a 
25 specific alkoxyalkylamine (Japanese Patent Publication 
(unexamined) 16012/1978), addition of a specific boric acid 
compound (Japanese Patent Publications (unexamined) 57209/l 978 
and 56204/1978), and combination of an antioxidant with a| 
polyol (Japanese Patent Publication (unexamined) 27378/1980). 
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However, the above mentioned additives cannot 
sufficiently bring out the washing ability of the enzymes, 
though they can give to some extent a stabi li za t ion effect of 
- 5 the enzyme activity. Further, vhen a builder is blended, the 
enzyme activity is deteriorated and when stored at a 
temperature of 40°C or more, the additives can no longer 
easily produce a sufficient stabilizing effect on the enzyme, 
and further they may harm the physicochemical stability 

1Q (color., viscosity, smell, precipitate, etc.) of the heavy duty 
liquid detergent, and therefore further improvement is 
required from the practical point of view. 

Another alkaline protease which is relatively stable 
in a high pH solution of a detergent and available under the 

15 trade name Esperase, Novo Industri A/S is also known but it 
cannot give sufficient washing ability even when it is used in 
a large amount. 

Further, alkaline proteases produced by such 
microorganisms as Bacillus subtilis, Bacillus alcalophilus, 
20 Streptomyces, Aspergillus, Arthrobacter and Fusarium are also 
known. These proteases also have a problem in stability and 
washing ability as mentioned above, and therefore cannot be 
utilized. 

Under these circumstances, it has been very difficult 
25 to further improve the washing ability of heavy duty liquid 
detergents . 
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SUMMARY OF THE INVENTION 

The present invention provides novel alkaline 
proteases which have excellent stability in highly alkaline 
conditions in the presence of detergent constituents and 
contribute to improving washing ability. 

Further, the present invention provides novel 
microorganisms which produce the above proteases. 

The present invention also provides a process for the 
production of the above novel alkaline proteases by 
cultivating the above microorganisms. 

Still further, the present invention provides a 
detergent comprising at least one of the above novel alkaline 
proteases . 

The present inventors investigated various natural 
sources in search of bacteria which produce alkaline proteases 
which have good stability in highly alkaline conditions in the 
presence of detergent constituents and contribute to improving 
washing ability, and have found that strain Y , strain P, 
strain K and strain X, all of which belong to the genus 
Bacillus, produce alkaline proteases which have better 
properties than known alkaline proteases. This finding has 
led to the completion of the present invention. 

BRIEF DESCRIPTION OF THE FIGURES 

Fig . 1 is a graph which shows growth temperatures of 
the present bacterial strains. 

Fig. 2 is a graph which shows growth pHs of the 
present bacterial strains. 

- 4 - 
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Fig. 3 is a graph which shows stability of alkaline 
proteases produced by the present bacterial strains, in a high 
•pH detergent solution (pH 11). 

Fig. 4 shows electron microscopic photographs of 
strain y and its spore. 

Fig. 5 shows electron microscopic photographs of 
strain P and its spore. 

Fig. 6 shows electron microscopic photographs of 
strain K and its spore. 

Fig. 7 shows electron microscopic photographs of 
strain X and its spore. 

Fig. 8 is a flow sheet which shows a purification 
process of the present enzymes. 

Fig. 9 is a graph which shows elution patterns of the 
present enzymes on a DEAE-53 cellulose column chromatography. 

Figs. 10 and 11 are graphs which show optimal pH and a 
PH rans*.. fox. stability of enzyme Ya and enzyme Yb, 
respectively. 

Figs. 12 and 13 are graphs which show optimal 
temperature and thermal stability of enzyme Ya and enzyme Yb, 
respectively. 

Figs. 14 and 15 are graphs which show a UV absorption 
spectrum of enzyme Ya and enzyme Yb, respectively. 

Figs. 16 and 17 are graphs which show stability of 
enzyme Ya and enzyme Yb in a heavy duty liquid detergent. 

Fig. 18 is a graph which shows a calibration curve for 
determination of molecular weights of enzyme Ya and enzyme Yb. 
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Figs. 19 and 20 are graphs which show patterns of a 
isoelectric focusing electrophoresis of enzyme Ya and enzym 
Yb, respectively. 

Figs. 21 and 22 are graphs which show elution patterns 
of enzyme Ya and enzyme Yb, respectively, in gel filtration. 

Fig. 23 is a graph which shows an elution pattern of 
enzyme Ya in high performance liquid chromatography. 
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DETAILED DESCRIPTION OF THE INVENTION 
(1) Novel microorganisms 

The novel microorganisms according to the presen 
invention belong to the genus Bacillus and produce novel 
proteases which have excellent stability in highly alkalin 
conditions in the co-existence of detergent constituents and 
contribute to improving washing ability. As examples, there 
can be mentioned Bacillus sp Y, p, k and X. These 
microorganisms were deposited on February 13, 1985 with the 
Fermentation Research Institute, Agency of Industrial Science 
and Technology, Ministry of International Trade and Industry, 
Japan, International Depository Authority (hereinafter 
referred to as "FERM"). The deposit numbers are as follows; 



25 



Bacillus sp. Y 
Bacillus sp. P 
Bacillus sp. K 
Bacillus sp. X 



FERM BP 
FERM BP 
FERM BP 
FERM BP 



1029 
1030 
1031 
1032 
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. _ Microbiological properties of the present 

^ated fro, the nature! „. ld by the prese „ t ^ 
be explained below in detail. 
5 Determination of microbiological properties and 

- classification were conducted according to the reference table 
of K.«. Gordon „,„,, Beroey . E Hsnual of 
Bacteriology. 8th edition (197.,. „edia of P H 10 were 
prepared by adding 1, sodium carbonate. Determination of 
. optimal ranges for ornuf-h 

j 9 tor growth of temperature and p H were carried 

out by a temperature-gradient biophotorecorder . 

A. Morphological properties 

The following morphological properties are observed 
, • under culturing on a nutrient agar medium at 3 5 o C for 2 days. 

1) Shape and size of cells: all of the strains are 
rods, the sizes of which are 0.4 - 0.5 ^ x 1.6 -2.0 ^m. 
strain Y: 0.4 - 0.5/*» x 1.7 - 1.9 
strain P: 0 .4 - 0.S M m x 1. 7 - 2.0 
strain K: 0.4 - 0.S M m x 1.6 - i. B/m 
strain X: 0.4 - 0. 5y *m x 1.8 - 2.0/xm 

2) Pleomorphism: all of the strains show no 
pleomorphism. 

3) Motility: all of the strains have peritrichous 
flagella, showing motility. 

4) Spore: all of the strains form spores. Cells 
distend around the termini in the course of formation, 
matured spores are of a lemon shape, the size of which is 0.7 
" 1.0 ^m x l.o - 1.8 /on. 

- 7 - 
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strain Y: 


0.7 - 


0.9 i/m v 


x • u 


x • d. uia 


strain p; 


0.8 - 


1-0 yviTi v 




x . d ^/xm 


strain K; 


0.8 - 


1.0 yum x 


1.5 


- 1.8 yum 


strain X: 


0.9 - 


1 . 0 jura x 


1.0 


- 1.2 //m 


5) Gram 


stain: 


all of 


the 


strains 
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6) Acid-fastness: all of the strains are negative. 

B. Cultural properties 

1) Nutrient agar plate culture: 

All strains grow at pH 7.0 to form round, flat or 
umbilicate, entire or undrate colonies. The surface of the 
colony is smooth and glossy. They grow at pH 10.0 to form 
round, flat and entire colonies. The surface of the colony is 
smooth and glossy. 

strain Y: It grows at pH 7.0 to form round, flat 
and entire colonies. The surface of the colony is smooth and 
glossy. The peripheral part is pale brown and the central 
part is semitransparent pale brown. 

It grows at pH 10.0 to form round, flat and 
entire colonies. The surface of the colony is smooth, glossy 
and cream-colored. 

strain P: It grows at pH 7.0 to form round, flat 
and entire colonies. The surface of the colony is smooth, 
25 glossy, semitransparent and cream-colored. 

It grows at pH 10.0 to form round, flat and 
entire colonies. The surface of the colony is smooth, glossy 
and cream-colored. 
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umbilicate and undulate colonies. T he Eurface Qf th . ^ 
is smooth, glossy and transparent. 

It grows at PB 10.0 to for* round, flat and 
entire colonies. The surface of the colony is smooth, glossy 

and cream-colored. 

strain X: it grows at pH 7.0 to form round, flat 
and entire colonies. The surface of the colony is smooth and 
Slossy. The peripheral part is cream-colored and the central 

part is pale brown. 

It grows at p H lo.O to form round, flat and 
entire colonies. The surface of the colony is smooth , glossy 
- and cream-colored or pale yellow. 

2) Nutrient agar slant culture 

All strains grow at pH 7.0 and P H 10.0 in a strip 
or a broad strip form to form glossy and cream-colored or pale 
brown colonies. 

strain Y: it grows at pH 7.0 and pH 10.0 in a 
broad strip form to form glossy and cream-colored or pale 
brown colonies. It produces a slight amount of red-brown 
pigment . 

strain P: it grows at pH 7.0 and pH 10.0 in a 
strip form to form glossy, cream-colored and semi transparent 
colonies. No pigment is produced. 

strain K: It grows at pH 7.0 in a strip form to 
form glossy, transparent colonies. No pigment is produced. 

It grows at pH 10.0 in a broad strip form to form 
glossy and cream-colored colonies. No pigment is produced. 
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strain X: It grows at pH 7.0 and pH 10.0 in a 
broad strip form to form glossy and cream-colored colonies. 
No pigment is produced. 

3) Nutrient broth culture 
strains Y, P, K and X: They all grow at pH 7.0 

but form no pellicle. 

They grow all well at pH 10.0, but form no 

pellicle. 

4) Gelatin stab culture 
strains Y, P, K and X: All are slightly 

liquified at pH 7.0 

All are liquified at pH 10.0. 

5) Litmus milk 
strains Y, P, K and X: All grow very poorly, a 

pH 7.0. 

All grow at pH 10.0. No coagulation of milk i 
observed. Change in color of litmus is unknown because of 
alkalinity of the media. 

C. Physiological properties (common in strains Y, P, } 

and X) 



1) 


Reduction of nitrate: 


positive. 


2) 


Denitrif ication : 


negative. 


3) 


MR test : 


negative . 


4) 


VP test : 


negative . 


5) 


Production of indole: 


negative . 


6) 


Production of hydrogen 


sulfide: 
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7) Hydrolysis of starch : positive. 

8) Utilization of citric acid: it is not utilized 
in Koser's medium, but slightly utilized in Christensen »s 
medi um. 

9) Utilization of inorganic nitrogen sources: 
nitrates are not utilized; ammonium salts are not utilized. ' 

10) Production of pigment: no pigment is formed. 

11) Urease: positive. 

12) Oxidase: positive. 

13) Catalase: positive. 

14) Temperature range for growth: a temperature of 
20 to 47°C, particularly of 33 to 35°C is good. 

15) pH range for growth: pH of 6.0 to 12.0 
particularly around 10.0 is good. 

16) Behavior to oxygen: aerobic. 

17) O - P test: negative. 

18) Production of acids and gases from saccharides: 
(+, produced; not produced) 



25 
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Strain Y 


Strain P 


Strain K 


Strain X 


Saccharide 


acid gas 


acid gas 


acid gas 


acid gas 


L-arabinose 


- - 




- - 


- 


D-xylose 


- - 


- 


- - 


- - 


D~glucose 


4 


4 


4 


4 


D-mannose 


4 


4 


4 - 


4 


D-f ructose 


+ 


4 


4 


4 


D-galactose 


- - 


- 


- - 


— — 


maltose 


4 


4 


4 


4 


sucrose 


+ 


4 


4 - 


4 


lactose 


- - 


- 




— — 


trehalose 


+ - 


4 


4 - 


4 - 


D-sorbitol 










D-manni tol 


+ - 


4 


4 - 


4 - 


inositol 










glycerol 










starch 
1 ^ 1 


+ 


4 - 


4 


4 
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D. Other properties 

1) Resistance to sodium chloride: all of the 
strains grow in 10% NaCl. 

5 2) Strains Y, P, K and X produce alkaline proteases 

which have an optimal pB of 9 or higher and excellent 
stability in alkaline conditions in the co-existence of 
detergent constituents and contribute to improving washing 
ability. 

lo Summarizing the above properties, first the present 

strains are Gram positive rods which are catalase positive, 
are aerobic and produce heat-resistant endospores. Thus, they 
belong to the genus Bacillus. 

Further, the present strains are rods having 
* 15 peritrichous flacella. m the course of formation of spores, 
the cells distend at a position around the termini. Matured 
spores are of a lemon shape. 

Fig. 4 shows electron microscopic photographs of 
strain Y and its spore. 

20 Fi9 * 5 shows electron microscopic photographs of 

strain P and its spore. 

Fig. 6 shows electron microscopic photographs of 
strain K and its spore. 

Fig. 7 shows electron microscopic photographs of 
25 strain X and its spore. 

The present strains are mesophile, cannot grow at a 
temperature below 20 o C or above 5 0 o C and have an optimal 
growth temperature of around 33 to 35°C (see Fig. 1). 
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Further, the present strains are alkalophile, cannot 
grow at a pH below 6 or above 12.5 and have an optimal growth 
pH of around 10.0 (see Pig. 2). 

The present strains have a property of producing acids 
from aldohexoses among monosaccharides , from disaccharides 
other than lactose, and " from only mannitol among 
sugaralcohols. They do not produce gas. 

As known strains having similar microbiological 
^ properties to the present strains, there may be mentioned 
Bacillus pasteurii and Bacillus alcalophilus . - The present 
strains are different from Bacillus pasteurii in that the 
former hydrolyze starch, while the latter does not, and the 
former do not require ammonium salts for propagation in an 
alkaline medium, while the latter does. 

15 

Further, the present strains form endospore of lemon 
shape, while Bacillus pasteurii forms endospore of spherical 
or elliptical shape. From the above differences in the 
microbiological properties, the present strains are clearly 
distinguished from Bacillus pasteurii. 

20 

Further, as the present strains seemed to belong to 
Bacillus alcalophilus, they were compared with Bacillus 
alcalophilus NCTC 4553 (ATCC 27647) which is an original 
strain as described in Bergey's Manual of Determinative 
Bacteriology, 8th edition. The present strains differ from 
NTCC 4553 strain in that the former reduce nitrates, while the 
latter does not, and the former do not decolorize methylene 
blue, while the latter does. 



- 14 - 



58 
and 



ft 0204342 

Further, the nrpcsont- „i. 

present strains were . compared in detail 

vith Alkalophilic Bar* nine 

P He Bacallus B p. No. 221 (ATCC 21522), No. 

(Japanese Patent p„ki 

tent Publications (examined) 2792/1973 

- s 16«35/1 975) ana No. D -6 (Japa „ e£e ^ ^^J™ 
(examined, 423 6/l 98 l (Borikoshi et al., The lnstitute o£ 
Physical and Chemical Kesearch, fer microbiologica! 
properties. The present strains and Bacillus sp. no. 221 
NO. 58 and Nc. D-6 share . COOTnon property ^ ^ ^ ^ 

on an alkaline medium fnw in^ « 
10 Balu " 1 <P B !»)• However, the present strains 

cannot utili 2 e nitrates or a^onium salts, while the above 
known strains can utilise these salts. Further, the present 
strains have a 9 ro„th P H ranee of from 6 to Mf whlle that of 
No. 221 is fro™ 7 to 11 and those o, No. 58 and No. D-6 are 
w from 7.5 to 11. Thus, the above known strains cannot crow at 
a PH below 7.0. Regarding -temperatures for growth, the 
present strains have a growth temperature range of from 20 to 
47°C and an optimal temperature range of 33 to 3 5 o c . No . 2n 
can grow at temperatures up to 55 o C and No. 58 up to <50 C and 
2o their optimal temperature range is 3 7 o C to <0°C. „o. D-6 
shows a high optimal temperature range of from 35 to 4 0 o C 
which differs from those of the present strains. Comparing 
the present strains with No. D-6 for acids production from 
saccharides, the present strains do not produce acids from L- 
25 arabinose, D-xylose, D-galaotose or glyceral, but No. D-6 
aoes. Furthermore, the present strains grow i n i 0% „acl 
conditions, which also distinguish them from the above known 



strains. 
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The above results are summarized in Table 1 below. 
Since the present strains are obviously different from the 
known strains Bacillus pasteurii and Bacillus alcalophilus 
having the similar microbiological properties thereto, it is 
appropriate to decide that the present strains are new strains 
which belong to the genus Bacillus. Thus, the inventors of 
this invention concluded that the present strains are new and 
named them Bacillus sp. Y, P r K and X, respectively. 



15 



20 



25 
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(2) Preparation of novel alkaline proteases 0204342 

The alkaline .proteases according to the present 
invention may be prepared by cultivating the novel 
microorganism of the invention and isolated and purified by 
such a method as described in Fig. 8. 

For cultivating the present strains, it is possible to 
use any culture media, solid or liguid, which is usable for 
conventional cultivation of microorganisms and which can be 
utilized by the present strains. Such culture media contain 
an alkaline buffer as well as components necessary for the 
microorganisms to grow such as a carbon source, a nitrogen 
source, an inorganic salt, etc. and have a pH of 8 to 11. 

Examples of carbon sources include mannose, fructose, 
mannitol, maltose, cellobiose, sucrose, dextrin, starch, 
molasses, etc. Examples of nitrogen sources include soybean 
flour, soybean casein, defatted soybean flour, corn steep 
liquor, dried yeast, yeast extract, etc. Examples of 
inorganic salts include potassium phosphate, magnesium 
sulfate, etc. Examples of alkaline buffers include sodium 
carbonate, potassium carbonate, sodium bicarbonate, sodium 
phosphate, sodium tetraborate, glycine, etc. If desired, 
there can be added other various organic or inorganic 
substances necessary for the growth of the microorganisms or 
the production of the enzymes. 

The media containing the above mentioned components 
are sterilized in a conventional manner and inoculated with 
the present strain. Cultivation may be conducted aerobically 

- 18 - 
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vath shaking or under aerated agitation at 30 to 37$? Pot 3*2 
to 150 hours to obtain a culture fluid. After the cells are 
removed, the supernatant is subjected to one or .ore processes 
such as conventional salting out, precipitation by the 
addition of an organic solvent, isoelectric point 
precipitation, ultrafiltration, condensation under reduced 
pressure, ion-exchange or gel filtration, to collect crude or 
purified enzymes in the form of powder or concentrated liquid. 

The novel microorganism of the present invention, 
Bacillus s P . Y, produces two kinds of alkaline proteases, that 
is, enzyme Ya and enzyme Yb. isolation and purification of 
the alkaline proteases may be carried out by a method as shown, 
m Fig. 8. That is, a microorganism culture fluid is 
15 centrifuged, for instance, at 10,000 rpm for 5 minutes to 
- obtain a supernatant. The supernatant is subjected to 70% 

saturated ammonium sulfate salting-out. Precipitates are 
dissolved in a buffer solution, which is then dialysed against 
the same buffer. The solution is subjected to anion exchange 
20 chromatography and unabsorbed fractions are collected to 
obtain crude fractions of enzyme Ya. The unabsorbed fractions 
are again subjected to ammonium sulfate precipitation, 
dialysis and gel filtration, and active fractions are 
collected. Those are further subjected to ammonium sulfate 
25 . precipitation and dialysis, and are filtered to obtain 
purified enzyme Ya. 

Meanwhile, the fractions absorbed in the course of the 
above anion exchange chromatography are eluted with a linear 
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gradient of 0 to 0.5 M NaCl in a buffer solution °t?°o 4 btai? 
active fractions of enzyme Yb. Fig. 9 shows an elution 
pattern of anion exchange chromatography. 

The active fractions of enzyme Yb are again subjected 
to ammonium sulfate precipitation and dialysed against a 
buffer solution. Then, the solution is subjected to affinity 
chromatography to collect active fractions, which are then 
subjected to ammonium sulfate precipitation and dialysed 
against the buffer solution. The solution is further 
subjected to gel filtration and eluted by the buffer solution 
to collect active fractions, which are then subjected to 
ammonium sulfate precipitation. Precipitates are dialysed 
against the buffer solution to obtain purified enzyme Yb. 

(3) Physicochemical properties of novel alkaline proteases 

Physicochemical properties of enzyme Ya and enzyme Yb 
thus obtained are as follows: 

(i) Substrate specificity 

Substrate specificities of Ya, Yb and a mixture 
of Ya and Yb (1:1) are shown in Table 2 in comparison with 
that of enzyme A. 
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* Kelative activity on . basis of the . eUvlty ^ 

100 

Conditions: ruction temperature 35C C; p „ a0 .5 (50 « 
borate-»aOH buffer, reaction time so minutes, concentration 
of a substrate » „ lth the excepUon Qf hemoglobln (() ^. 

used amount or enzyme 100 with the exception of e„ 

albumen (500 APU/ml) 

Protein decomposition rates, i e -4. 

= i.e., activity, were 

measured accordin 9 to a modified Anso„-Ha 9 i„ara method. 
Absorbances o f the reaction solutions watered after the 

reaction were measured at on^, „,» „ 

at 275 nm. Enzyme activity which 

releases 1 ulo of t-vmc i ~ 

of tyrosine per mmute is designated one (1) 

alkaline protease unit (APU) . 

» is clear f™ the above table that enzyme Ya shows 
stro„ 9 specificity to keratin and enzyme yb shows stron 9 
specificity to e 99 albumen, e 9g yolk and hemoolobin. A 
combination of bo th enzymes acts stron 9 l- y on a wider ran 9 e o, 
substrates, compared to known enzyme A. 
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(ii) Optimal pH and pH range for stability 0204342 
Pigs. 10 and 11 show the optimal pHs and pH 
ranges for stability of enzyme Ya and enzyme Yb. Used buffer 
solutions are as follows: 
5 pH Range Buffer 

3,5 ~ 5,5 Sodium acetate acetic acid 

4,5 ~ 7,0 citric acid-Na2HP04 

6.0 - 8.0 NaH2P04-Na2HP04 
7.5 - 9.0 Tris-HCl 
10 8.0-9.0 borate-HCl 

9.0 - 10.5 glycine-NaOH 
9.5 - 11.0 borate-NaOH 
11.0 - 12.0 Na2HP0 4 -NaOH 
12.0 - 13.0 KCl-NaOH 
15 When optimal pH was examined, each enzyme was added to 

each 20 mM buffer solution containing 0.6% casein, and reacted 
at 35°C for 10 minutes, and then absorbance was measured at 
275mm. Relative activity at each pH was calculated based on 
the activity at the optimal pH {at 100). when a pH range for 
20 stability was examined, each enzyme was added to each 20 mM 
buffer solution at a final concentration about 400 APU/ml, and 
incubated at 25^c for 24 hours, and then activity was 
measured. Relative activity was calculated at each pH, based 
on activity before incubation (at 100). As seen from Pig. 10, 
25 the optimal pH of enzyme Ya is 10.0 to 12.5 and the pH range 
for stability is 6.5 to 13.0. As seen from Pig. H f the 
optimal pH of enzyme Yb is 9.0 to 10.0 and the pH range for 
stability is 6.5 to 12.0. 

- 22 - 
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(Hi) Optimal temperature and" thecal stabili?* ° 4 34 2 

Fi9S. 12 and 13 show the optimal temperatures and 
thermal stability of enzyme v a 

enzyme y a and enzyme Yb. when the 

optimal temperature was evan,,^* t. 

examined, each enzyme was added to a 

buffer solution of pH 10 «i ™* • • 

PH 10.5 contammg 0.6% casein as a 

"substrate and reacted at each given temperature for 10 
-i»ut... dative activity at each temperature, based on 
activity at 350r i nn\ 

(at 100) , was obtained. The thermal 

stability was examined as follows. Each mi ^ ^ ^ 
APD/W (final concentration,. was added to , s . . « bor a te - H ,oH 
buffer solution (pB lo.s at 350c,, lncubatea , t ^ 
temperature for 10 minutes ana ice-cooled, and. then, the 

absorbance was measured. A* c« e « * 

As seen from Fig. 12, the optimal 
temperature of enzvmp v=> * ~ inn* 

enzyme Ya is 70°C and the activity thereof is 

maintained up to 55 o C . As seen from „i 9 . 13, the optl „ al 
temperature of enzyme Yb ra „ 9 es from 65 to 7 0 oc, ana t „. 
activity thereof is fully maintained up to 50o C . 

(iv) ov absorption spectrum 

Fi9=. 14 and 15 show uv absorption spectra of 
enzyme ya and enzyme Yb. Eac h sample was dissolved in a 50 mM 
Trrs-BCl buffer solution (P B 8.0, and its uv absorption 
spectra were measured. Absorption peaks of Ya and Yb were 
^served at 276 nm and 278 „m, respectively. Extlnction 

coefficients at these wavelenqths F 1% 

engthS/ E l cm' were calculated as 

7.4 and 9.5, respectively. 
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(v) Effect of metal ions -*o«t* 

Effect of metal ions on the activity of enzyme Ya 
and enzyme Yb was determined. Casein was used as a substrate. 
The results are shown in Tables 3 and 4, respectively. Each 
metal ion was added in a final concentration of ImM to a 20mM 
borate-NaOH buffer solution (pH 10.5) containing enzyme Ya or 
enzyme Yb (final concentration, about 400 APU/ml) . After 
treatment under given conditions, the remaining activity was 
measured. The values are expressed in relative activity on 
the basis of the activity at the time of zero minute (at 100) . 



15 



20 



25 
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As seen from the above table, the activity of 
enzyme Ya was inhibited by the addition of copper sulfate, 
silver nitrate, mercuric chloride, and cadmium chloride. 



Table 4 



^Cond i t i on 
Metal Salts'"- — -^^^ 


350c 
30 Min. 


350 
17 Hours 


HgCl 2 


64 


34 


CUSO4 


80 


62 


FeS0 4 


100 


99 


2nCl 2 


100 


100 


AgN03 


100 


62 




100 


100 



This table shows that the activity of enzyme Yb 
was inhibited by the addition of copper sulfate, silver 
nitrate, and mercuric chloride. 

Generally, thermal stability of alkaline 
proteases produced by bacteria belonging to the genus Bacillus 
are increased by Ca2 + ion . Accordingly, in order to observe 
the effect of C a 2+ ion, about 400 APU/ml (final concentration) 
of each of enzyme Ya and enzyme Yb was added to a 50 mM 
borate-NaOH buffer solution (pH 10.5 at 35o C ) with or without 
containing 5 mM Ca2+ ion and incubated at respective give 
temperatures for 10 minutes and cooled on ice, and thereafter 
the activity was measured. The results are shown in Table 5. 
The values are expressed in relative activity on the basis o 
the activity at the time of zero minute (at 100). 



Table 5 



0204342 



Temperature 



350C 

40 

50 

55 

60 

65 

70 



enzyme Ya 



none 



100 
100 
100 
100 
92 
75 
22 



100 
100 
100 
100 
100 
90 
57 




none 



100 
100 
100 
96 
90 
72 
45 



5mMCa 2+ 



100 
100 
100 
100 
100 
92 
75 



" can be seen that the thermal stability was 
increased by about- i;op 

Yb bv tH ' en2yme " Md ab ° Ut 10OC *« •»•»-• 

Yb by the addition of Ca*+ ion. 

(iv) Effects of various inhibitors 

=«ects of various inhibitors on en^e *a and 

izirrr aeterminea - En * yme ya was — *• • » - 

HC1 buffer solution (pB 7 . 2) at B00 ^ 
concentration, . Each lnhlbltor _ ^ ^ 

350 C for 30 minutes and, then th« . 

°* wen, the remaining activity was 

measured. Thp u a 

values are expressed in relative activity on 
the basis of the activity wth no lnhlMtor (>t ^ ^ 
results are shown in Table 6. 
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Relative 
Activity 




Inhibitor 


Concentration 


Enzyme 
Ya 


Enzyme 
Yb 


Note 


- 




100 


100 




Urea 


6M 


130 


82 


Protein denaturant 


rAJifi 


5 nW 


97 


100 


Metal protease inhibitor 


DFP 


1 nM 


0 


4 


Serine protease 
inhibitor 


PMSF 


1 mM 


0 


1 


Serine protease 
inhibitor 


HgCl 2 


1 mM 


106 


96 


SH - enzyme inhibitor 


POB 


1 mM 


122 


92 


SH - enzyme inhibitor 


Antipain 


100 g/ml 


124 


87 


SH - enzyme inhibitor 


Chymostatin 


100 g/ml 


77 


75 


Ca dependent protease 
inhibitor 



20 



25 
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25 



2% 

As seen f rom thl 0204342 

«e concluded that they con , • ™ 

ney contain serine in «.u • 
3«"«1»9 fto» the fact " the » ««« center, 

"borate, they are nof • k " hen 1= used « a 

* lnhlb ^ed by dpp and PMSF . 

"«> Wfet of surfactants 
Stability of 

-"V aeter 9 ent ^ " " rlnS '» ' 

9ent ls s hown in Pig i fi 
stored in . he d 19 ' l6 ' ™e en 2yiIie was 

- - - 0 : ::i;r °— - — 

™ was „ea SU rea uslng J^' '"^ of the 

9i yc in e- Na o B V^"^ PB ^ 

"«»M1.. the en 2 y„e „as stored ln EUl, ° nlC 

«t.r fl .»t ,pB 11, a t various t 8 * UqaU 

rious temperatures fnr ~ 
seen f ron „„. „ ■ one TOth . A£ 

»««» -ter 9 e nt at ,„o c '» 

at PH ,.. ana hal£ " °" '" 0nth ' «» activity 

temperature de P enaen;; c :^; ti :;^ ined at - io -°- 

one „onth, the fun acf . . ^ Et ° ra9e at P" « for 

- 65s rema ;;: d :;7 y — - ^ 

- excellent staMl ity Tr"" * ^ »- — 

^ lr * heavy dutv • ^ 

-Pared Wth known * ^ cedents. 

Stability of 

» — aeter 9 e„t ^ " ^ ""^ " ' — 

sent is shown in 

stored at 40O C in a u The enzyme was 

* u in a heavy dufv i 

-"«* was ad jus ted to u wlth det " 9ent ' P " « 

«tb a olycine-KaOH b uf f er Eolutlon _ 
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Residual activity of the * . 02 04342 

y or tfte enzyme for cecomposition of keratin 

was measured by day. 

The results are shown ln Flg . 17 . En2yIne A ^ 

inactivated by 80, on the third day ana inactivated complete!, 
on the seventh day. on the other hand, 70. of the activity of 
enzyme y b refined on the third day and 50% refined on the 
seventh day. Thus, enzyme yb has ^ 

pH heavy dut y liguid detergents, compared to kn o„„ alkaline 

protease. 



The test for enzyme stability in a heavy duty 

liouid detergent was carried out in an accelerated test 

condition at a higher temperature than roo, temperature, and 

therefore the results show that enzyme *a and enzyme yb of 

this invention are stahie 

stable under normal condition from the 

15 practical point of view. 

(viii) Molecular weight 

Molecular weights of enzyme Ya and enzyme Yb were 

determined by gel fiHr a fi' rt >, ^ . 

gex titration method. Gel filtration 

chromatography was carried out on a Toyopearl HW-55 
(trademark, using 20 mM Tris-BCl buffer (2 m Ca^ ion added 
PH 7.2,, as eluent. The following proteins (molecular weight 
in parentheses, were used as standard proteins to draw a 

calibration curve: *nr, ^ik 

egg albumin (43,000), thermolysin 

(37,500,, subtilisin ,27,300,, chymotrypsinogen ,25,700, 
myoglobin ,17,200, and cytochrome c ,11, 700 ,. The callbratlon 
curve is shown i„ rlg . 18 . In tM< 
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°* enzyne Ya and en* yI »e v b ^ . 020434, 

".000, respectively. " °«er, ln ed as 21,00^ 



Ux) Isoelectric point 

Isoelectric points of en . 
-re determined by isoelectric fo . ^ ^ 

3- 10 Kas _ as col :: usin9 ——sis. 

a column carrier t?-.*.*. 
isoelectric • er> Patterns of 

ectric focusing electrophoresis for 

Metric Points o £ e„ 2y . e Ye -„ a — - 

■LO.l and 5.1, respectively. 

U) Amino acid composition 

A»ino acid compositions of enzyme Ya - - 

™ were determined u . ino an . * aM 

u^mg an ammo aeiri a «o 

"-Pan Electronic Co, , ^ JLC - 2 °° A 

°— ined ny a spect " " yPt ° Pha " 

"y » spectrophotometry method and a ■ 

oxidation method, respectively The ? 

T ="' » in oc o OT po sltions are shown 

in comparison with th* 
proteases. ^Positions ot kno „„ 

Enzyme Ya clearly differ. « 
»i"o acids s Uch as trvot „ * nW * ln 

Clear difference from other en 2rae . <„ • 

" — ■ Mstidine. ar 9 inine. as a^ti 7 ^ ~» 
alanine. d ' S^cine and 
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Amine Acid 
Tryptophan N 
Lysine 
Histidine 
Arginine 
Aspartic acid 
Threonine 
Serine 

Glutamic acid 
Proline 
Glycine 
Alanine 
Valine 
Methionine 
Isoleucine 
Leucine 
Tyrosine 
Phenylalanine 
Cystein 



Enzyme Enzyme I Enzyme 



Ya 



20 



11 



22 



22 



20 



10 
6 
4 
0 



Yb 



11 



13 



10 



53 
18 



32 



17 



14 



46 



50 



35 



15 



21 
14 



Enzyme A 
(a) 



28 
19 



32 



12 



35 
41 



31 



10 
16 



13 



(a) E.L. Smith, J. Biol. Chen., 243, 2181. (1968). 

(b) F.S. Merkaland, J. Biol. Chem., 242, 5198 (1967) 

(c) D.Turu, Agr. Biol. Chan., 31, 330 (1967). 



Subtilisin 
BPN (b) 



ia 



26 



13 



37 



15 



14 



37 



30 



13 



15 



10 



Subtilisin 
IKVD ( C ) 

3 

6 

5 

3 

20 

14 

37 

12 

10 

25 

27 

20 

3 

, 12 
12 
9 
2 
0 
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Elemental analyst 0204342 

^sults of elemental analysis of 
are shown i n Table 8. enZyiIie Ya and yb 





Table 6 




Enzyme Ya 


Enzyme Yb 


c 


44.82% 


52.55% 


H 


7.27% 


6.54% 


N 


13. 96% 


13.81% 


£ 


0.33% 


0.34% 



various properties of enzyme Ya an - 
sum mari2ed in Ta *** Ya *™ enzyme Yb are 

-wn a i kaline proteas ; 7— — A and other 

proteases proauced by a H al „„. .,. 
^lo n9lng to the genus Bacnius _ y 1*-cpha« bacteria 



1 
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1 3 






1 »-* 
1 ^ 

I rsj 


Lllus 

2a 


<D 


1 * I 

j 




r-i 

jD 






& 


1 2 I 


1 




< 



• c> ~3 

S £ w ~ 

n| R 3 J 
SI . g g 

- g 3 3 

p? ^ -S -° 

J : 5 <£ 

e i c c 

^ O X> 4J 

o o <u 

^ w to 

Q flj O fli 

dual 

UJ < ^ 



5 8 8 s 

T* *H iH 

W K w 
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Br 



10 



15 



Comparing enzyme v a - nA 
4-k • na en 2yme Yb according *. 

the invention wifK u according to 

ntaon with known alkali ne proteases fh e 
- 10 to 11 for • ceases, the optimal pB i £ 

J-J. for enzyme A, £-1 p -> 

— — PBtange . thatiE - 11 

' to' 10 which is lower than tfc ' PH f ° r en23 "» e yb 

*-» -ai.- Prot „ E ;;. those for - - 

The optimal temperature 

- is a rouna ,oo C . BOW _ r 7;; tur ;. of - - 

ever ' th e optimal temD^r^n^ • 
« *°°C for e„z y „ e a ana »o „, „ ■ " " lo » 

»at f„ E-a and E , . ' " t0 50 ° C £ « »M-21. 

— . -:.ii^r nt ~ — — — 

The thermal stability of rh« 
well - s M Present enzymes as 

w «" cE enzyme A, Ko. 221 and API-21 i. • 

*<> l0O C in th4S ^creased by about 5 

« the presence of 5 m* Ca 2 + lon . flowever 
thermal stability of f i * however, the 

strain ,see t„e f ^ ^"^ * B """» -« 

isee, the footnote of Table 9) -r« ^ ■ 

y; c re not increased, 
^rther, the molecular weioht of 
40,000 which i,. w en2yme yb is 

- - ;r trrrr a — — - 

FOint ls as low as pi 5 i 
^ iB clearly of * Accordingly, 
a riy of a different enzyme. 

r £rran any of knwn aUaiine ^^^^^ 

y b designated alkaline proteases Y a and 

Yh» respectively. nd 
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Detergent compositions 
°— Sent. ,. r t,o«l.,„. » 

-««.-. *. ^ he£ , the tlkaline protea ; e / : lka ;; ; 

proteases of the prior art. 

Suitable formulations of heavy duty liouid a ♦ 
. . . J L J J-iguid deteraents 

containing the protease of * 

protease of this invention are as follows: 



15 



20 



25 
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Surfactant (wt.%) 

'10-50 

Solubilizer 20 ~ <0 

0-10 



Ethanol or iscprcpanol . 0 \ ^ 2 ~ 8 

• 0-20 n c 

Minor ccmponent ~ 10 

^ine protease lM J" 3 ' 0,1 " 2 

100-100.000 APH/o i 
Water 0/9 000-2, 000 APU/g 

balance , , 

balance 



15 



20 



25 
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The heavy duty liguid detergent can be prepared by 
blending the above components in any manner. The pH of the 
heavy duty li gu i d detergents is 7 to 11, preferably 10 to 11. 

Suitable formulations of granular detergents 
5 containing the protease of this invention are as follows: 

Formulation (wt.%) 

Surfactant 

10 - 50 

A- type zeolite 

10 - 30 

Sodium silicate (Sio 2 A'a 2 0 « 2 - 3/1) 5 . 20 

10 Sodium sulfate 

1-30 

Minor component 

0-5 

Alkaline protease „,„ 

100-100,000 APU/g 

Water 

3-15 



15 



20 



25 



In the detergents of this invention, there can be used 
any of anionic, nonionic and amphoteric surfactants. Anionic 
surfactants include sodium C 10 -c 15 alkyl ethoxysulf ates , C 12 - 
Cie alpha-olefin sulfonates, Cll -c 16 alkylsulf ates , c 10 -C 13 
alkyl benzene sulfonates, nonionic surfactants include C l0 -C 15 
alkyl ethoxylates, C ao -C 13 alkylphenyl ethoxylates, c 10 -C 16 
alkylamine ethylene oxide addition products, and ampholyte 
surfactants include C n -C 15 alkylbetaines . 
EXAMPLE 

This invention will now be explained in detail with 
reference to the following non-limitative examples. 
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i-'x ample 1 3? 

The screening °204342 
screening procedure which fh« 

^ —tin, the present - Mentors 

**» »» gained uio. ln a.t.u. n " UrEl fie " 

« Nation of , lltalophillc bacteria 

~ '«*.*.- ,„ . tMt tube ;;; 5 from ° n ° ° f — 

•»ieh containea 5 ml of " " * "* «) 

of a ai,uia meaW (pB ,„ , ... 

*«« .«»«. 0..5. pol ype ptone, 0 . M ' P lnClUdln9 

pho "** t - -«.-..!» .»««. a „a » to" hydr0?en 

" "o c for 5 — -'-ate a„a 

inoculated to a olat. C liguld "« 

a plate containing the = 

a°ar ana incubetea at 3 , 0c " "»» ~«» and 1. 5< 

ror 3 oayc f 0 A L t . 
bacteria. Y ° btain a lkalophil ic 

™~ ( :, above bSCterla tbe 

<P* ». contains, u'.,'^ ^ ' »- 

9 J-* skim milk, 0.025% yeast 
-Ptone, „ £odim carboBate J"" "tract. 0.05, 

'or 2< hours. T . n • S9ar ' and *»«b.t.a at 

~"*cted as alKalin ^ ""^ £ ° r "° d hal ° 

alKaHne protease-producing bacteria. 

3 ) Isolation of a lksn nc 

oJ-Kaiine proteai!6-r<»«j 

«=vin 9 resistance to surfactants ^ 

The culture fl uld obtained i„ tk 
~«» ana incubation as described i„ th ""^ * 

- «ntrifu 9 ea at 0000 tfm tcr '»» 

Al *acb of t„e supernatant per se ana the 
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supernatant admixed with a detergent at 300 ppm and incubatec 
at 4 0°c for one hour were placed on paper discs used for 
detection of antibiotics (8 mm i„ dimeter) and, further, put 
on a skim milk medium (pB 10) as described above. Both were 
incubated at 37°C fox 24 hours and the diameters of halos were 
measured. Those whose halo diameter was the same both in the 
cese of detergent treatment and in the case of no treatment 
were collected as alkaline pr otease-producing bacteria 
resistant to surfactants. 

4) Selection of the bacteria producing alkaline 
proteases which are stable in highly alkaline detergents and 
contribute to improvement of detergency 

Enzymes were prepared by cultivation of bacteria 
at 30°c for 3 days in liquid media containing 2% soluble 
starch, 0.5% yeast extract, 0.5% polypeptone, 0.1% dipotassium 
hydrogen phosphate, 0.02% magnesium sulfate and 1% sodium 
carbonate, followed by centrif ugation , salting-out with 70% 
ammonium sulfate and dialysis. For a test of stability in 
high P H heavy duty detergent ( P H 11), 6.6 g glycine and 3.3 o 
NaOH were added to 100 g of a heavy duty liquid detergent 
commercially available and, further, about 10 ml of the above 
enzyme solution (300,000 APU on a casein substrate) were 
added, which was stored at 40°C for one week and evaluated for 
the remaining activity. Ones which maintained 50% or more of 
the activity were selected. 

Washing tests were conducted according to the 
method described in Yu-kagaku (Oil Chemistry), 30, 432 (1981). 
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"oths to be - ^ 

washed were cf.- 

protein. For " ""»«"" —ins 

■ < 5 -°°° *»» wa S Wendea w ;;; lua " on ' ••«* °< «. „,,„... 

- w ith no en2yme ^ „ * """""I » «. ana . 

-* KaEhlna , Ml t » « ones Khich 

<s«h improvement of h . " an<3ara ^ « °r „ ore 

hlng ability can k 

wa «> the naked eye) Were , y be e ""* -cognized 

' were selected mu 

"ere seiecea t hrou9h the abo " "* ~ « bacteria 

0b ° Ve —•»'». "eps are shown 



Table 10 



Collected 



soil £ 



1} ^^^l™^^^ 
2) SJS^?: Pr ° teas -Prodoci ng 

4) w p n ^ h uc L n9 

^nd contribute to ^ r9ents 
°f deter gency ln, Provement 



3 30 place 



in Japan 
6 M- strains 
24 1 strains 



23 str 



ains 



4 strains 
{y ' JC and X) 



The bacteria selected by th. 
the -tural field fire «*>~ screening from 

_ (FERM BP-1030K K ^ ^ <™« »P-102„ . , 

-cording to the invent b , * ^ BP -"32, 

^ve ability to prod " b6l ° n9 t0 ^ Baciii Us 

^ to produce alkalis 
"cellent stability in „. Proteases „ hich haye 

— to lafmmm of ^J^"" — * ana 
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ed 
n 
or 



15 



The places where th*^* = 

6 the£e bacteria were collecte 
«e Chiba, j apan/ for e train y an • , . 

. ln Yl an agricultural field i 

Sakahoga, G if u , Japan, for strain P j ir , 

strain v * ' Shl2uoka ' for 

" ' a " 30 «1- ^ ,ama, .okyo, Japan, for 

stra.n X. Collections w ere carried out in I982 ^ ^ 

Stability of the alkaline proteases produced by 
"trams Y, p, k and X in a heavy duty li 0 uid 

is shown in Fig. 3 . ' r B .»t (pH 11J 

further, the above proteases produced by tho s e 
bacteria were blended with * 

with a detergent and the degree of 

!" ent " det — - — *- r e £ults 8re shown 
blended with protein. 



Table 11 



20 



25 



. — 

Sample 




Detergency (%) 


No Enzyme Added 




74 


Enzyme from Strain 


Y 


79 


Enzyme from Strain 


P 


78 


Enzyme from Strain 


K 


78 


Enzyme from Strain 


X 


79 



These resuns show that the stralns ^ 
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p«t„... Khich have excellent s 

»hieh contrite to i mprovement of aeter 9ency . 
Example 2 

Culture of strains 

A l iguid medium 2% soiubie ^ 

ii:; s r d : u ;; at ; and a iiguid — « — 

y and o.n dlpotassium hydrogen _ 

; ed at 12100 for 20 — - » 1 of each wa 

poured into a 500 nl Sakaouchi fi ask and f 

" k ana ' father, sterilized 

sodaun. carbonate was added to a fin al 

3 flnal concentration of 1% to 
P-pare a 50 ,1 cu i ture brofch> Ba 

inoculated to the culture broth and i k 

hours to ^cubated at 30 o C , or 15 

fours to prepare a seed culture i nn Bl * 

wac • , . 100 ml of the seed culture 

« — - to . *- f . rTOtor contalMn9 3s 

with ..r.Uo. U a „a s tirrl „ 9 (500 rpn , } at 

The reEultant cultur£ nuid ^ ^ i # ' 

ce n t Ilfuged , t 10 .000 rpI> for s „ jnutes to 'J 
"«t.».. An approltimately 3 . 0 1 sur . pernatent ^ obtair ^ 

Purification of enzyme Ya 

. To 2650 ,1 of the supernatant thus ^ j2so 

ammonium sulfate was added while ™«i • 

hlle cool ^9 and stirrinq the 

— nt . The preclpltate£ _ - 

c.ntr lf u 9 . tloB and were di£Eolved ln jraoc2om Trjs _ B J 
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buffer ( P H 7.2, containing 2 m Ca 2f ionl _ 

» La ion). The solution was 

Placed in a diaiysis tube and dialysed aoainst the same buffer 

Mtr " iSht - ThU " " Ude «»*-• A (890 ml , 6600 

s APO/M. specific activity ,350 ArrVma pro tei„, „ as obtained 
The above solution was applied on to a DEAE-53 cellulose 
column ,3.20 * 40 cm, equilibrated with 20m TrlE . Hcl buffer 
(PH 7.2, and eluted with the sane buffer, reabsorbed active 
fractions were collected, „ hlch anounted to ^ 
M 11,300 APO/ml; specific activity, i a , 800 m/at protel „. 

After the procedure up to hpr<= +-k« 

up ^ e re, the specific activity had 

increased about 6.2-fold with a ,2% recovery. FurtheI> „, g 
of ammonium sulfate were added to the above fractions to salt 
out proteins. Then, the precipitates were dissolved in 300 ml 

„ of 20 mM Tris-HCl buffer ,p B 7 . 2 , cont ai„i„ 9 2 m Ca2+ ^ 
The solution was subjected to 9 el filtration using Toyopearl 
HW-55 (trademark, and eluted with the same buf f er . The 
resultant active fractions were subjected to ammonium sulfate 
precipitation and precipitates were dissolved in 10 ml of the 

, 0 same buffer solution followed by dialysis. After dialysis 
insoluble materia! was removed „ Jth . 

(trademark, to obtain a 16.4 ml solution: activity 210,000 
APU/ml; specific activity 15,900 APU/mg protein . Thls 
purification procedures are summarized in Table 12. 



25 



Purification of enzyme Yb 

• *he aforesaid crude en Z y me solution A was applied cm 
to a DEAE-53 cellulose column e g uili brated wit h 20 m Tris - Hcl 
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bU " er 12 "* ion added. pB 7 . 

u # pa /.2) ana enzyme v» 

^th the same buffer • Th * V3S elute ° 

er ' The n» enzyme Yb was »i, . ^ . 
linear gradient of o to 0 5 m \. the 

to 0.5 M sodjum chloride in fh. 
buffer, and active fr*rn Saxne 

UVe fr actaons were collected „m w 
T«;n «o . eccea ' which amounted to 

— . ,,oo mio £ctlvuy i35Q ^ 

actions. Eecovery rau PH 7 -°' «>»•« 

7«0 APU/ ms protein . " % «""ity was 

fmrat ;" rllt " ab °" — - - bj ec t ed to 9e3 

filtration on Toyopearl hw-« / ^ 

resultant * /•<!}. The 

active fractions were subjected to 
ammonium sulfate -„d *h salting-out with 

Precip itates were d 

of the same buffer an* ^ 

and dialysed against the same one. 

After di £ ly 8 i 6 , a solution of 7 m1 

........ :~ 



4 
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"9.. M a„ d J2 shov . , lotJ - p . etteins of ^ ^ artf 

containing 2mM C £ 2+ ion) f ^ ' 

As seen from the above figures, enzyme Ya and 
v . ' e »zynie *a and enzyme 

Yb vere ' completely p ur ified by the a for« 

procedures. r6Sai<3 """'""on 

in h ' h F19 " " fhOWE " GlUti0n Pattern ° f PUrified Va 
h.gh performance liguid chromatography (Waters W1SP-710B 

two 1-125 columns in series! 
, u seraes). An eIu£nt wa£ ^ 

phosphate buffer (pfi 7.0). 



15 



20 



25 



Detergency of the present enzymes 

A blend of 20 wt . % sodium ^ ^ 

:t i " P ° 3yethOXy EUlf3te — ^ ,ole number 

ethyle oxi6e: 3) , 10 wt . % c „ ^ 

ratio: 50?) alcohol ethoxvl fl fo / 

of , ethoxyjate (average addition mole number 

of ethylene oxide- i cm 

I5) ' 6 Wt * % * thano1 ' 6 wt.% sodium 

:r:i r «« 

watei to balance was prenar^ =>o 

Prepared as a standard 
=o»pos ltlon of . deterge „ t . ^ pB ^ thjs aeter?ent ^ 

, en ... Wendes fibove deteisent ^ ^ • 

sir \ e c °"' posaion wuh ° ut - — - .. 

- y »e or yb _ desi9natefl ^ sampie _ 2 

respectively. ' 
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15 



20 



(cont £inin9 y a and yfc ^ a f J £b ° Ve P url «catio„ method 

• -bov. composition, „Mch wVT- " *° 
com P a,ison. A or " ° eS1 ^ » ^ P U- 4 . For 

VS, was blendea BUh ^ < — - »ovo lnaustri 

•»»»«.■ after lon •«»»tl»9 the inactivation o f 

arter l orig period Et „ rj> „, 

determined for samples no, , °««gency was 

amples not only immediately after hi. 
•I" ^ter storage at ,„o c for , days ^ 

Tero-O-Tometer (US-Testinq Co , 
■"^hine. I0 c . t . 9 C °° as a washing 

cloths stained „i t „ wet 9 

P«*.i„. 3 sebum cloths and cle-ned , 

30 °) «r. put into o 1, , Cl ° th « SmOU " tea '° 

P into 0.1* detergent solution ,.„„ „, , , 

"»oth. were washed at 1 2 „ rpm , 250c \ t900 "> «" "» 

- carried out „ ilhe00ml —„g 

vater had a har<5n 3 mnute *. The used 

J «a a fiardness of 30 np 

-culated hased on ^ .^^^^ ~ 

— .Oil ch emistry„ „. 432 ™ * - 
m Table 14. results are shown 
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Detergency (%) 



Co 



K/S of stain s cloth - * /c 

t>S-Sr^T7^^^^-^Whed cloth 

ocn K/£ of unstained cloth >: 



0204 342 



wherein, 



100 



K/S * (2 ?L? / 2R 

ioo J / loo 



3ight absorbance coefficient of cloth 
Jioht scattering coefficient of cloth 
reflectance (%) 



Table 14 



No. 



1 

2 

3 

4 

5 

6 



Sample 
Enzyme 



enzyme Yt 
enzyme Yb 
crude enzyme Y 
enzyme A 
Esperase 



Detergency (%) 



74 

79 

78 

80 

78 

75 



74 

79 

78 

80 

74 

75 



As seen from the above result* 

results, the samples containing 
the en^es of this lnvention haa fc 

-t.r 9 .»c y tt ,„ th . sampJe£ containln9 ^ 

.„„ formulatio „ ana after etorage ^ 4ooc ^ 7 

days ana th , em o[ this , nvention cQntributed 

-prcv lng aet„ 9 enc y of heavy Outv l lquid aeter 96 „ ts . 

- 50 - 



: 0,2 0*34-2- 



.0 



Sample-4 which contai 

invention had Bll . of thi. 

y oetter ceterqenev n 
combinational use of y- an , VK Accor °*naly , 

ot y c and Yb, which have different k . 
specificities, i £ ricc . u , afferent substrate 

' is oesarable f rorr , th 

performance and P ° lnts of 

»b .na"/' n " Urally eXPeCt " th£ ' """-tion.! use of 

*t> and known en 2ymes will 

— en _ r h : a -~ — 

enzymes. The kn ° wn 
Jne enzymes can u 

-t.r fl . a t alone " 8 te "» ^ 

sent aione or r„ combination Wth one or .ore of oth 
known enzymes. other 

aete Ig ent he ^ ^ ~" other 

detergent compositions to evalu-t* fx - 

of ^ Cte the Ge 9^e of improvement 

of detergency aiven bv fh» 

6 6 , " ^ en2yn,eE - AS « alkaline builder 

6.6 wt.% qlvcin*» , tr ' 

' i J fLine end 3.3 wi- s w , nr 

wc.% NaOE were added -rh» „ j 
enzyme was used i n Crude 
"sed 3n an amount of 5, 000 APD p er 0 nf fK 

detergent compositions Dp , 9 f the 

LJUI1S » Ceteroencv of 

determined after thev compositions was 

tCr the y wef e stored at 4 0 o c for 7 

results aro „u . 7 days - T ^e 

' Uits are shown in Table 15 
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Sample No. 1 


Sample No. 2 


AES-Na (1) 


20 wt.% 




AES-Na (2) 
AE (1) 


15 wt.% 


15 wt.% 


AE ( ? \ 
TS-Na 


h U7f- St 


20 wt.% 


Ethanol 
Water 


5 wt.% 

balance 


10 wt.% 

be lance 


Washing ability (%) 


80 


80 



AES-Na (1): Sodium Ci ■* alkvl [ efra ^, t . 

v-13 aiKyi (straight chain ratio: 50%) 

polyethoxy sulfate | SU(: v = nc 

j -irate (average aocition mole number 

of ethylene oxide: 3) 

«-». (2J. Sodi„ Cl2 . 13 a lKy2 (Etralght chaln iatJo! 8os) 

polyethoxy sulJate (average addition .cle nu.be, 

of ethylene oxide: 5) 



AE (1) 



C13 alkyl (straight chain ratio: , 0!) alcohol 
ethoxyiate (average addition mo le „ Mber of 
ethylene oxide: 9) 



25 



AE (2) 



C12-13 alkyl (straight chain ratio: 80%, alcohol 
ethoxyl ate (average addition ^ ^ 

ethylene oxide: 20, 
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lb - demonstrates fh- t 
"-""on improve ^ t„ e e „ 2ymeE of ^ 

"-Positions. o f theEe detergenf 



I 
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What we claim is: 02 04 34 2 

CD Alkaline protease y a having the following 

physicochemical properties: 



activity: decomposes various proteins in highly 
alkaDine conditions, 



10 b * substra te specificity: remarkably specific to 

insoluble proteins, particularly to keratin, 

c. optimal P H: pH 10.0 to 12.5 when reacted at 3SO C 
for 10 minutes on a casein substrate, 

15 

a. p H range for stability: p H 6.5 to 13.0 when 
incubated at 25° C for 24 hours on a casein substrate. 



20 



e. optimal temperature: 7 0O C when reacted at p E 
10.5 on a casein substrate, 

f. thermal stability: at least 90% of the activity 
remains after incubation at pH 10.5 and 60 o C for 10 minutes, 

25 9 * abs °rption spectrum: maximum absorption at 276 

nm in 50 mM Tris-HCl buffer of pH 8.0, 
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h - effect of metal ions- <->- c 
* Hg2, ion a . th ■ ^ 3Ctlvi ^ i« inhibited 

y ion and thermal stability of th* 
by ca2< jon whpn y the enz ^ e increased 

When C3Sein wed as a substrate, 

i- effect of inhibitors: when „ ■ 

substrate, th. . G1 " USed as - 

te ' the activity j s not . _ 

netetra _ te) sn r pc tTm * - 

benzoate) , but ^ M ,. t „ iP-cnioromer cury 

c v # Dut inhibited by dfp 

40 C for one month, the full = «. • • 
remains at p H 9.0 and 50% of th • activity 

50% of the activity at p H 10.5, 

n, ° lecu1 ^ weight: 21,000 (gel fiItr - ti 
using Toyopearl HW-55) , and f Motion method 

1 - isoelectric point- in i /• 
electrophoresis m ^h * ' < iso ^ectric focusing 

Paresis method using Pharmalyte 3-10). 



< 2 > Alkaline protease Yb h - • 

having the 

Physicochemical properties: blowing 
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c. optimal pH: pH 9.0 to 10.0 when reacted at 350 C 
? - J.C . _nutes on a casein substrate, 

<3. PH range for stability: pH 6.5 to 12.0 when 
5 treated at ,250 C for .24 hours on a casein substrate, 

e. optimal temperature: 65 to 70O C when reacted at 
pH 10.5 on a casein substrate, 



f. thermal stability: at least 90% of the activity 
remains after incubation at pH 10.5 and 60O C for 10 minutes, 



15 



20 



25 



g. absorption spectrum: maximum absorption at 278 
in a 50 mM Tris-HCl buffer solution of pH 8.0, 

h. influence of metal ions: the activity is 
inhibited by Kg2+ ion and thermal stability of the enzyme is 
increased by C £ 2+ ion when casein used as a substrate ^ 

i. effect of inhibitors: when casein is used as a 
substrate, the activity is not inhibited by EDTA 
iethylenediaminetetraacetate) and PCMB (p-chl oromercury 
benzoate), but inhibited by DFF (di i soproylf luorophosphate) 
and PMSF (phenylmethylsu3 f onyl fluoride), 

j. effect of surfactants: when stored in heavy duty 
liquid detergent of p H 11 at 40O C for one week, 50% of the 
activity remains, 
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£ 1 °^CM3^2 



m ° leCU2ar Wei 9ht: 40,000 (gel filtrati 
yopearl ra-c«» ... , titration method 



"sing Toyopearl HW-55), and 



5 ' ^ ls °electric point: 



electroDhor . (iSOele ^ric focusing 

e 3-10). 



-trophoxe,is. method using Pharmalyt, 



liUS an ° having the f n n. • 
properties: following microbiologicaj 

0 

A. morphological properties: 

the following morphologies] „ r « 

„ hen cultured on no — ~ bein9 

days; 9 medium at 35 o C £or 2 



a - shape and si 2e of cell- ro* 



- j*"* * sin : n/^ t-\ i — « 



eomorphism: no pleomorphi 



. . °' MOtilit ^ having perivenous fi aflella and 

showing mobility, "ageiia and 



«3. spore: producing Gndo cr%rt 

matured SDOrBC K • formation; 

.1..-CT 9 ofalemon sh - ----- 
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e. Gram -tain: positive, 

f. acid-fastness: negative, 
B. cultural properties 



a. nutrient egar plate culture: growing at pH 
7.0 to form round, flat or umbilicate, entire or undulate 
colonies, the surface of the colonies being smooth and glossy; 
growing at pH 10.0 to form round, flat and entire colonies, 

■-• surface of the colonies being smooth and glossy, 

b. nutrient agar slant culture: growing at pH 
7.0 and pH 10.0 in the form of a strip or a broad strip to 
form glossy and cream-colored or pale brown colonies, 

c. nutrient liquid culture: growing at pH 7.0 
to form no pellicle; growing at pH 10.0 to form no bacterial 
pellicle, 

d. gelatin stab culture: slightly liquefied at 
pH 7.0; liquefied at pH 10.0, 

e. litmus milk: growing poorly at pH 7.0; 
growing at pH 10.0, no coagulation of milk being observed, and 
change in color of litmus being unknown because of alkalinity 
of the medium, 

BA^ORIGINAl" 
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c. 



Physiological properties 02 04 3 4 2 



-duc t i on of ni trate: 

h ' denitri ^cation: negative, 
c MR test 

•" negative, 

6 - VP test 

; negative, 

•• Production of i ndole: negatlve _ 

Paction o £ nvdrooen sulfldej negauve _ 

l * arol »"- «f ««ch. positive, 

h - utll ««ion of citric acid- „„„ „ . 

Sll9h " y Utlli2i ^ " Christen^., 



utilization of , 

" ° f ^organic nitrog, 

zing ammonium salts, 



not utm, ing „i trates; not MU7 s:::: - itr — ™»- 



3 * product 



ion of pigment. no plgnient fo 



k ' "ease: positive, 
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oxi dase : positive, 
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m. catalase: positive, 

n. temperature range for ciowth: around 20 to 
47°C, particularly around 33 to 35°C, 

o. pH range for growth: around 6.0 to 12,0, 
particularly 10, 

p. behavior to oxygen: aerobic, 

q. O-F test: negative, 

r. production of acids and gases from 

saccharides: (+, produced; not produced) 




0204342 



other properti 



es 



10% NaCl, 



resistance t 



° sodium chloridt 



growing i n 



b. 



Producing alkaline 



optimal PH of 10 or hich " Pr ° teaSeS Which ^ave an 

— e CO ndi t i 0nsi h ; 9 :;;_ and — — - 



L ° nS in th * Presence of det< 



which contribute to inn . ' " - Cer9ent constituents 
u ^e to improving detergency. 
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(4) The microorganism as described in claim 3, wherein it 
is Bacillus sp Y { FERM .BP-1029 } . 

(5) The microorganism as described in claim 3, wherein it 
is Bacillus sp P (PERM BP-1030). 



10 



(6) The microorganism as described in claim 3, wherein it 
is Bacillus sp K (FERM BP-1031). 

(7) The microorganism as described in claim 3, wherein it 
is Bacillus sp X (FERM BP-1032). 



15 



(8) The microorganism as described in claim 3, wherein the 
alkaline protease is alkaline protease Ya. 

(9) The microorganism as described in claim 3, wherein the 
alkaline protease is alkaline protease Yb. 



20 



25 



(10) A process for the production of alkaline protease Ya 
as defined in claim 1, characterized by cultivating an 
alkaline protease-producing bacterium belonging to the genus 
Bacillus, and isolating and recovering alkaline protease Ya 
from the culture. 

(11) The process as described in claim 10, wherein the 
alkaline protease-producing bacterium is Bacillus sp. Y (FE 
BP-1029) . 



»' * Process for the production"' of alk 2* ^ 

°»« ib ea 2 , character^ " al " aUne ~ - 

— ~ 9 be ^ 9ina Lf 1 " 9 alkall ~ 

•»« bating ana rerouerl - the »«Il lu .. 

• ">3t U re. llne P"««« Yb fcora the 

«»> «» Process as described i„ cl . 

Protease-prod.cin, bacterid . «» 

BP-:029,. » sp. y (PERK 

< 14 > A detergent comprise at lea£ , n 

e 9roup consisting of -lt-i- 
Valine protease lb and „, . -"-line protease y a , 

= and mixtures thereof 
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FIG. 6 
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FIG. 8 
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SALTING -OUT WITH 
AMMONIUM SULFATE - 
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r 1 

[ ABSORBED FRACTIONS ] 

L____ J 

SALTING-OUT WITH 
_AMMQNIUM SI Jf PATtr 



| 1 

^FiNnrraBiN 1 

I CHROMA TOGR^pmv I 

j 



SALTING- OUT WITH 
AMMONIUM SULFATE 




SALTING-OUT WITH 
AMMONIUM SULFATE 

T 



DIALYSIS I 



( PURIFIED ENZYME Yb j 



9/23 



0204342 




10/21 



0204 



FIG. 10 

( I ) OPTIMAL pH 




(2) pH RANGE FOR STABILITY 




FIG. I I 

( I ) OPTIMAL pH 

\00r 



I 1/23 



>- 

> 

O 
< 

LU 
> 

f— 

<r 
i 

UJ 

q: 



1 



0 



5 6 7 



8 9 10 
PH 



J L 



0204342 




ENZYME A 
ENZYME Yb 



J L 



II 12 13 



2) pH RANGE FOR STABILITY 




BNJSDOCID: <EP__02W342A2J_> 



FIG. 12 



12/23 



0204342 



>- 
> 



< 

LU 
> 



LU 

DC 



(I ) OPTIMAL TEMPERATURE 




ENZYME Ya 



3540 50 60 to80~90~100 
TEMPERATURE (°C) 



>- 



> 

<: 

LU 

> 

I- 
< 
i 

LU 

Or 



(2) THERMAL STABILITY 
100 



50 



0 




ENZYME Yo 



ENZYME A 



-1 1 L 



J L 



3540 50 60 70 80 
TEMPERATURE (°C) 



BNSDOCID: <EP 0204342A2 



PIG (3 13/23 0204342 

( I ) OPTIMAL TEMPERATURE 



>- 

> 

o 
<r 

UJ 

> 

h- 
< 

LU 

or 




ENZYME Yb 



ENZYME A 



3540 50 6O~^0^0-|00 
TEMPERATURE (°C) 



> 



< 

UJ 

> 

I- 

<r 
_j 

LU 

or 



(2) THERMAL STABILITY 
lOOrt 



50 




ENZYME 
A 



04H 



ENZYME Yb 



-l L 



3540 50 60^0~80lolOO 
TEMPERATURE (°C) 



BNSDOCID:<EF 02O4342A2 | 5 



14/23 




15/23 

FIG. 15 




FIG. 16 



16/25 



( I ) pH DEPENDENCY 



0204342 



> 
O 

<r 

LU 
>- 

rsi 

LU 
CD 



LU 

GC 




ENZYME Ya 



9 10 
pH 

f2) TEM PERATURE DEp£NDENCY 



> 

> 
h- 

O 

<r 

LU 

>- 
rsi 

LU 
O 



LU 

q: 




ENZYME Yq 



BNSDOC.D:<EP_02043«A2 



STORAGE TEMPERATURE (tj 



17/23 



0204342 



FIG. 17 

STABILITY IN A HEAVY DUTY LIQUID DETERGENT 




STORAGE (DAY) 



BNSDOCID: <EP 0204342A2J. 



18/2:3 



°204342 




o 
o 
o 
o 
o 



o 
o 
o 



-I — L 



po 

oo 
oo 



o 
o 
o 

o 

ro 



8 

Q 

8 



__L_ 
O 
O 

o 
o 



1H9I3M ^VinOBIOkM 



BNSDOCID: <EP 



' 0204342A2_|_ ; 



19/23 




BNSDOCID: <EP_ 020<3«APJ_s 



d 20/ ^ 




0204342 



(082 0 0) NGlOHd 



o 


O 

o 


C\J 


o. 

LO 


CD 









o 
o 

8 



o 
o 

8 



(rw/DdV) A1IAI10V 3SV3lOUd 



BNSDOCID: <EP__ 020434£A2J_> 




BNSDOCID: <EP 0204342A2_I_> 



0204342 

1 _ 



« o 
i i 

3 > 

00 t 

o o 
"d 

5 LU 
UJ to 

O f 



to 



O 
O 

» 



0J 
OJ 



-O 

>- 
LU 



LU 




O 
o 



o 



° 
loo 





_ o 














d 




















° 


O 




LO 


f- 






O 




o 


<c 






o: 






Lu 




o 






r-Q 






O 






CM 






O 











lO 

o 



o 



(082 00) NI3l08d 



o 
o 
o. 

o 



o 
o 
o 

LO 



o 



<rw/ndV) AiiAiiov 3 S v3ioyd 



CD 
Ll 



BN SDOCID:<EP_02M342A2„ L? 



23/23 



02043 



ro 

OJ 

CD 
Ll 



o 



o 



m 
O 
O 



S 1 



LU 



O 
r— 

_J 
O bj 



O 



o 



08Z 00 



BNSDOCtD:<EP 0?04342A2 I - 




turopaisches Patentaml 
European Patent Office 
Office europeen des brevets 



© Pub! 



'canon number . 



© 



EUROPEAN PATENT APPLICATION 



© Application number: 86107708.9 
© Date of filing: 06.06.86 



0 20< 342 

A3 



©Int. CI.*: C 12 N 9/54 



® f: i0ri, V" 06.06.85 JP 123021/85 
06.06.85 JP 123022/85 
20.12.es JP 286944/85 

© Date o, publication of appHcation: 
10.V.86 Bulletin 86/50 

© D -°^e,e rred p ubljcalionofsearchreport: ^ io 88 

@ DE eE F J R n GBNr raCtinPStS,e£; 

©Appjjcsnt: LION CORPORATION 
No.3-7,1-chomeHonjyo 
Sumida-kuTokyofJP) 



©Inventor: T.keuchl, Kelji 
Wo ; 1-6-8, Kamisoshigayi 

Odawara-shiKanaoawa-kenlJP, 
©Inventor: Odera, Moloyasu 

Od a w a ra. s hiK £ na 9 awa. ken 7 J p, 

© Inventor: Neoi Tph^c *• 

No. van. K„u™ 1""*°!? Bireii V31 ' 

v»« sm K«n& 9 avva-ken<JP) 

© Representative: Klunkor c u . 

Winzererstrasse 106 Schm ' n - Ni 's°n . Hi, SC n 
D-8000Mtinchen40(DE) 



o 



j-sh-y a , kahne »„di. to „ t p S' B VKSSST s,8bi,i,y in 

'mprove deterpency of the detaroamVl de,er ^ntE, and 
f uct.on of f uch alkaline n™7 9 A P ' 0cess <or ^ P'°- 
tne novel microo^KTri'S^ M * ^ 



BNSDOCID:<EP_02(M34ZAS I 



Ooyoon Pr,m,„ g Comoany Lta 



■/... 



FIG. 3 




© ENZYME Or STRAIN V 
O ENZYME OF STRAW F 
^ ENZYME OF STRAIN >. 
□ ENZYME OF STRAIN |. 
O ENZYME A 



STORAGE (DAY) 



jBNSDOCID:<EP_o ?0 4342A3. L > 



Kuropcan Pa lent 
Oflicc 



EUROPEAN SEARCH REPORT 



0 2 0 4 3 4 2 

•Application Numhoi 



C 

c 



Category 



DOCUMENTS CONSID TRFl") TO BE RELEVANT 



EP 86 ]Q 7708 



E 



A,D 



Citation of document ,vi,h inaction, «hcrc appropTi^T 
ol relevant passa; (■>■ ! 



EP-A-0 220 921 (GENEX CORP ) 
38?6 4 ai '* S 1 ' 5 - 7 ' 9 ""; P £ 9e 6, line- 



CHEMICAL ABSTRACTS, vol 82 197b 

S; 2 *;« f b *; r ?" n p- 26 ^>' coitus, 

Ohio, US; & JP-A-74 /I 19] (MEITO 
SANGYO CO., LTD) 10-07-1974 

AGRICULTURAL BIOLOGICAL CHEMISTRY vol 
■39, no. 9, September 1975, Daaes ' 
1749-1755; S. TOBE el al : P 9 
"Purification and some properties of 
alkaline proteinase 1 rom Bacillus sd " 
Pages 1752-1754; table 5 * 

FR-A-2 176 835 (AJJN0M0T0) 

* Page 2 line 14 - page 4, line 3: 

page 5 lines 3-40; figure 5; claims 



The present scarrh report has b«n drawn up for all elaim> 



Plate of search 

THE HAGUE 



Date of completion of Iht leartfc 

17-08-3988 



CATEGORY OF CITED DOCUMENT? 

X : particularly relevant if taken alone 

^ : pamcularly relevant if combine with another 

document of the same catcgon 
A : technological background 
O : non-written disclosure 
P : intermediate document 



Relevant 
to claim 



1-3,10, 
12,14 



1,3,10, 
12 



1,3,10, 
12 



1,3,10, 
12 



CLASSIFICATION OF THF 
APPLICATION flnt. CI.4 



C 12 N 
C 11 D 
C 12 U 
(C 12 N 
C 12 R 



9/54 
3/386 
1/20 // 
1/20 
1:07 ) 



TECHNICAL FIELDS 
SEARCHED (Int. CI.4) 



C 12 N 



EPAILLARD P.J.H.M. 



7 : theory or principle underlying the invention 

: J*l e , nt docum *nt f bm published on, or 
after the Tiling datf 

D : document cited in the application 
L : document cited for other reasons 



document 



f the same patent family, «rT«pind7n"p* 



BNSDOCID: <EP_ 0204342A3.X; 



